The present paper reports the utilisation of gynogenesis irs genetic analysis and chromosome mapping in carp. A new colour mutant was analysed with the help of gynogenetic haploid, diploid and biparental F1 and F2 populations. The mutant character was controlled by two genes, P and R, and only fish with double recessive alleles pprr showed the mutant coloration. The genekinetochore (G-K) distances of the genes were established. G-K distances were measured for two other genes-transferrin and scaliness.
INTRODUCTION
GYNOGENESIS is the production of an embryo from an egg after penetration by a spermatozoan that does not contribute genetic material. Artificial gynogenesis was first observed in the frog by Hertwig in 1911, who showed that normal embryos appeared when eggs were fertilised by spermatozoa which had received ionising radiation doses much higher than the levels normally required to cause total lethality. The genetic analysis of these embryos showed total maternal genetic contribution.
Gynogenesis has been widely used in different genetic experiments, in studies of karyotypes (Parmenter, 1925 (Parmenter, , 1933 Kawamura, 1939; Svärdson, 1945) , for chromosome mapping (Nace 81 al., 1970; Volpe, 1970; Purdom, et al., 1976) , for establishing inbred strains (Nace, 1968; Purdom, 1969; Stanley and Sneed, 1973; Nagy et al., 1978) , and in studies of mutagenesis (Metzger-Freed, 1972) . In most of these studies amphibians were used. The intensive work on fish started in the last decade (Romashov and Belyaeva, 1965; Golovinskaja, 1968; Purdom, 1969; Stanley and Sneed, 1973; Cherfas, 1975) .
A reliable method for mass gynogenesis was described for carp in our previous work (Nagy et al., 1978) . The present paper reports the utilisation of gynogenesis in the genetic analysis and chromosome mapping of a new colour mutant, the locus controlling transferrin, and the S locus responsible for scale pattern (Kirpichnikov, 1937) .
MATERIALS AND METHODS
In 1969 a new colour mutant appeared in a Hungarian carp population. The mutant progeny lacked melanophores at 1 month of age, and adults had melanosomes in reduced number. The fish were pale red in colour, but the retinal pigment cells were normal. The S locus determines the scattered and scaly phenotypes (Kirpichnikov, 1937) . The scattered allele (s) is completely recessive to the scaled allele (S). In the transferrin locus three different alleles were found in Hungarian carp populations (Nagy ci al., 1978) , each being represented by a single electrophoretic band.
(i) Detection ofphenotypes At the time of hatching, the colour mutant embryos are pale pink and have no pigment except in the retina. The separation of the mutant type is possible from the late embryo stage. The frequencies of scattered and scaled phenotypes were established when the animals were more than 1 month old, when their body weights were at least 05 g. For transferrin, blood samples were taken from 3-month-old animals. One part of serum was added to 24 parts (v : v) of 04 per cent rivanol (2-ethoxy-6, 9-diamino acridinlactate) solution to remove most of the proteins other than transferrin. The procedures for electrophoretic separation of proteins were according to Davis (1964) . The biparental population was produced by the standard method of artificial insemination (Woynarovich, 1962) . The haploid gynogenetic population was produced by insemination with sperm treated with 100 Krad y ray. This treatment produces 99 per cent of haploid embryos (Golovinskaja, 1968) . Mass production of diploid gynogenetic embryos was achieve by cooling zygotes quickly to 4°C 5 and 15 minutes after the insemination by the irradiated sperm. The duration of the cold period was 60 minutes, after which the temperature was allowed to rise to 20°C.
(iii) Mapping function
The mapping function used was derived by Barratt et al. (1954) and applied in a closed form to facilitate computation in the work of Nace et al. (1970) . From the coefficients of coincidence the two extreme values were used (k = 1.0 and 0.2). The lower value was chosen from data, derived from Xeurospora crassa and Drosophila melanogaster (Barratt et al., 1954) .
RESULTS
The data and segregation of the colour mutant are given in table 1.
The frequency of mutant embryos in the haploid and the diploid F2 populations were 122 : 440 = 1: 36 and 41: 637 = 1: 155 respectively. The frequencies are consistent with the hypothesis that the mutant characteristic is controlled by two genes. It is proposed that the mutant phenotype is pprr. In estimating map distances we assume that there is no difference between the viabilities of the different genotypes. Heterozygous genotypes can appear in diploid gynogenetic populations if recombination occurs between the centromere and the locus. The symbols Yp and YR are proposed for the probabilities of recombination of the two loci controlling the mutant phenotype. Thus the probability of homozygosity of recessive alleles in both loci in a dliploid gynogenetic offspring is given by the equation:
The frequency of mutant type was obtained as 295 : 1534 = 0l92, thus from (1) we get
The value of Yp reaches its maximum when YR = 0 and vice versa. The possible maximum value for Yp or YR is therefore 0232. The frequency of heterozygotes at the S locus is given in table 2. In the biparental population, the expected ratio of the scaled to scattered phenotype was 3 : 1 but in our experience the scattered animals show lower viability than the scaled ones. Taking the viability of scaled phenotypes to be one, the viability of scattered animals was estimated by the ratio of the observed and expected frequency in biparental populations. The observed frequency in the diploid gynogentic population was corrected by the help of this coefficient. If the probability of recombination between (1-y) = 045.
the S locus and the centromere is 1' the expected frequency of the ss genotype in the diploid gynogenetic population is
(1-Y5)
From the corrected value of this frequency (table 2) = 011
In contrast with the characteristics described above, the frequencies of all the three genotypes at the transferrin locus can be established (table 3) . The expected frequencies of the homozygotes AA and CC are equal. The differences obtained in the experiment may be attributed to the difference in the viabilities of the AA and CC genotypes. Following a correction for this the frequency of gynogenetic heterozygotes gives a recombination estimate
The genes controlling the three characteristics segregated independently in the biparental and diploid gynogenetic populations. On the basis of recombination frequencies individual G-K distances were established (table 4)   TABLE 4 Recombination frequencies of the four loci examined and the G-K distances G-K distances Haploids may be used to analyse the genetics of characters recognisable at the embryo stage since most of the haploid gynogenetic carp embryos are viable up to hatching (Nagy et al., 1978) . A genetic model has been proposed for the red colour mutant following the analysis of haploid gynogenetic and diploid F2 progeny. The mutant appears to be controlled by two genes.
There are a number of species among the Cyprinidae showing a duplicated number of chromosomes compared to the value characterising the family. The phenomenon was interpreted as an ancestral polyploidisation (Ohno and Atkin, 1966; Ohno et al., 1967; Wolf et al., 1969; Ohno, 1970) .
As a consequence it may be expected that the genetic system contains large numbers of gene duplicates (Kajishima, 1977) . It is possible that the colour mutant described here represents such a pair of genes.
Recombination frequency of the S locus of scale covering was measured by Golovinskaja (1968) . Among the 61 gynogenetic offspring of the SS genotype there were 18 scattered (ss) individuals. The recombination frequency was determined as r8 = 042. This surprisingly high value may be the result of the fact that viability differences of the genotypes were not taken into consideration. Recombination frequency for the transferrin locus was measured by Nagy et al. (1978) . In these experiments, a second gynogenetic generation was produced from a gynogenetic female heterozygous at its transferrin locus. The measured recombination frequency was significantly lower than the present level of 0l3. The difference may indicate genotype dependent crossover rate, or the presence of linked genes, with alleles being deleterious in the homozygous state in the normal female used in the second experiment. In a gynogenetic female many of the genes are in the homozygous state, so the effect of deleterious linked genes will be less marked here than when a normal female is used. All four measured recombination frequencies are about 0l. These low values mean that gynogenesis is a very effective method for producing inbred lines. Using the calculation of Nace et al. (1970) and supposing that the average recombination frequency is about 0l, one gynogenetic generation is equal to 10-12 generations of sib-matings with respect to the degree of inbreeding.
